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ABSTRACT 


Dielectric disks can be used to load a waveguide or a 
resonant cavity. In this work the properties of dielectric disks 
coated on both sides with a thin layer of nonmagnetic metal has been 
investigated. A cylindrical guide periodically loaded with these 
disks has been analysed by two methods. In the first method a periodic 
structure consisting of up to four regions has been considered. By 
allotting appropriate values of permittivity, the coated disk can be 
considered as three regions of this structure. In the second method, it 
was assumed that the metallic layer is so thin that it does not affect 
the basic field pattern. The losses arising from the surface current in 


this metallic layer have been calculated. 


One section of the loaded waveguide, if shorted on both sides, 
can be used as a resonant cavity. For this case the effect of coating 


on the Q factor has been found. 


Measurement of the Q factor provides an accurate method of 
determining the effective resistance of the coating. It has been also 


used to check the theoretical assumptions. 
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INTRODUCTION 


In a travelling wave tube cL). an axial electron beam with 
a velocity small compared with the velocity of light, interacts with an 
electromagnetic wave. A slow wave structure capable of propagating the 
electromagnetic wave over the desired frequency band is used to reduce 
the phase velocity of the wave to a value approximately equal to the 
velocity of the electron beam. Although the slow wave structure commonly 
used is the helix, other structures as dielectric loaded waveguide or 


corrugated guide can also be used. 


The input and output couplers cannot be matched over the 
whole frequency band so that at the output terminal the reflected wave 
provides a mechanism for feed back and possible oscillation. A travelling 
wave tube has a high gain so that very little mismatch is sufficient to 
produce oscillation. Therefore some sort of isolation between the input 
and the output of the slow wave structure has to be provided. It is a 
usual practice to introduce an attenuator near the middle of the travelling 
wave tube, so that the loss in the backward direction is approximately 
equal to the gain in the forward direction. This attenuator affects the 
forward wave, but at this point appreciable modulation of the beam has 
taken place which allows a build up of the electromagnetic wave in the 
second half of the structure, which is amplified and appears at the 


output. In certain types of structures a lossy wire is placed in the 


ee a _ one ; ae a = = 7 _ : >, 


WOITOUGORTHE - 


ditw mead novtosts Tetxs ns At adut ovew pati feve yy 6 al 


as dtiw.ztosveiot ,tndprl to ytroofeyv a3 dttw beraqmoo I feme ona 
q 

att pnitepsgoyq To aidsqss siusouite svew wofe A .Svew ottenpemorsaets. 

asubs1 of bezu 2t bnod yonsupext battzeb oft 1svo evew ot tenpsmottoafs. " 


sit of feups ylotemtxorqas sulsy 5 03 SV6W sii to yttoolsv Bede, 


- 
ulnomnes sywtourt2 evew wole ans davoltiA .mesd noviosis ont to ystoolov "a 
yo abtupavew babsol otytosletb 26 esvusauyse tanto -xtion SAF et beew : 

a 

- 


-beeu $d o2ls 59 sbtup baiegeamiane: 


olt vave berotsm 9d tonnes 2yslquod tuqduo bis Jugnt SAT ; 


sy5w betositey oft fsnturvsd Jugtuo ss 36 teat o2 bred yonsupeyt shorw 

pre ffayert A .notie! Ttoeo sfdtezoq bas dosd best tot metasioom 6 esbtvorq a 
of Saatoritue 2f Aotemetm alist f yoy tent of Atae phd 6 26t adus SVEN 
fuanr oft nsgwied notssfoet to txo2 amoe svorsrenT notietttsee S3Moh@ 


2* t1 ,babivaxg 9d of 2en siutourt2 svew wol2 sn to tuqsuo, dd Bag 7 


ont! fevext eis to sfbbim sit 89h Yossunsss6 ns sauborsinr ot sottosyq: Seuew 
uisismtxovqqs 2f notsiosytb byswiosd and nt 220! ent eitt oz ,sdut SveW 
ult erostts YosGuns3I5: 2tdT .nottoevib’biawiot ait nt ntsp aft o¢ Lad : 
26d msod oft to nots Tubom ofdstoaxqgs dnfog 2tds ts tud «9vH BHO 
a nt ovew ottenpsmontoate sit to.qu bifud s anol ts dofdw eoslq wedee 
sit ‘th ersaqqe. bas borritcgms , ah dohtw somusound2 ott 70 ted bnooee 
ed} nt beosig! et son lhe a alate to esqyt ntsi192 AI 


i 
ci 


middle to obtain the required attenuation. 


In this work, the properties of a dielectric disk coated on 
both sides with a thin layer of metal has been investigated to determine 
the possibility of using such disks to obtain the required attenuation 
in a travelling wave tube. This method is applicable when the propagat- 


ing structure is a waveguide periodically loaded with dielectric disks. 
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CHAPTER I 


WAVE PROPAGATION IN CIRCULAR GUIDE 
PERIODICALLY LOADED WITH DIELECTRIC DISKS 


In this chapter a periodic structure consisting of a wave- 
guide loaded with dielectric disks is analysed. The analysis has then 
been extended to the cases where the loading element is a disk consisting 


of up to three layers of different dielectric materials. 


The relation between the phase shift per section and the 
structure dimensions has been found in each case. This has been done 
by writing the solution of Maxwell's equations for each region separately 
and then matching the field components at the various boundaries. This 
technique becomes extremely cumbersome when the disk consists of more 
than three layers. In addition the entire process must be repeated if 
the number of layers is changed. The wave matrices method may be used 
to deal with stratified dielectric loaded Saaienes but this 


approach has not been considered here. 


1.1. Periodic Structure with Two Regions 


Fig. 1.1 Periodic Structure with Two Regions. 
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A circular guide, loaded with dielectric disks is shown in figure 


1.1, where the dielectric disks are denoted by the shaded areas. 


The solution of Maxwell's equations for an E 


3 


mode in cylindrical 


waveguide may be written, in terms of the foreward waves (A and C) and the 


backward waves (B and D), for the dielectric and air regions. 


are: 


(Ae ~J8 0% 4 B etJBo2) J, (xr) cos n¢ 
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According to Floquet's theorem, the field components in region 
(4) of figure 1.1 is given by equation 1.1 multiplied by eS” where wy is 
the phase change per period. Matching the transverse field components at the 


boundaries z = 0 and z = p we get: 


iT 
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where 20, is the phase change in the air region, ByP> and 28. is the phase 


change in the dielectric region, B44. 


Multiplying (b) and (c) in equation 1.3 by w and using the expression 


for the wave impedance of the E. , mode, Z =. B_ we get: 
? we? 
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For equations (a), (c), (e) and (f) to have a unique solution, 
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Dividing columns (1) and (2) by B, and -B, and columns (3) and (4) by 
B and -B, respectively we get: 
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Expanding and solving for w gives 
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The field components that may exist in the dielectric and air regions 


for this mode are: 
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for the dielectric region, and 
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for the air region. 


Matching the transverse field components at z = 0 and at 


Z = p and using Floquet's theorem for the field in region (4) we get: 
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The determinant 1.9 is similar to 1.4, therefore the solution is given 


by equation 1.5. 


Below the cut-off frequency of the air region and above the 


cut-off frequency of the dielectric, the structure may still propagate. 
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In this case 8 1 becomes imaginary and may be replaced by 
: 2 2 
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Equation 1.5 then becomes 
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for the Hae: mode. 


. : : 
. me) : _ et 7 7 - , sé 
qe vias ane 

oo ' t f 

if 

ie p 
O =} jot, ALS, (WrgOS) Es 
. - 

@.f .. 


Af at yeltnte 2t &.. dnsntassem Sat 


nsvro et nottufoe any SYOTSISNT « 
} sp 
;¢. F norte ve xe ] 


adt syods. bis notesy tfs SAt to yonsupeyt tto-tuo ont wold 


tspsyorg i tte yom oyitouise aft .ofysoslath sat to -yoneuper? tle 
: ns na ol a 
A) yd bessiqey sd ysm ons visnipsmt zomo2ed , 8 3e69 es fi 

' — ° 


Mi 


> er 


3 ee ee , « 
-- 


zaioood madt V.P noreeups 
_ 


——— 


+ .6§ 209 g yfizoo = YW 200 


gS ate gq yiint2 7 <8 4 =} I 5 - 
akon : S . 
qt Q4 . : 
0) a ee —. 
g5 ait 10" 
bi6B , S ‘43 syorw ,abom mime ait * 0 
‘> 7? 


gS nf2q yrinte: (+ : =) 4 - 8S. 209 4 yizoo. = b 203, 
3} 
$ 


ee ae Mn ; 


lee Periodic Structure with Three Regions. 
oe ee eS Ue Ae rola UNree ene Glos. 


A periodic structure with three regions is as shown in 
figure: 1.2: The same technique used in section 1.1 can be applied 


for this case. The solution of Maxwell's equations, in terms of 


Fig. 1.2 Periodic Structure with Three Regions. 


forward waves (A,C and E) and backward waves (B,D and F), may be 
written for each region. Matching the transverse field components at 


the boundaries we get: 
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Multiplying (b), (d) and (f) by w and substituting Z = ae 
WE 
the following determinantal equation can be obtained: 
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Expanding and solving for wp we get: 
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where 2015 285 and 264 are the phase changes in each region. 
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The same result may be obtained by matching the transverse 


field components for the Hn 1 mode. 
9 
Ga 20, or 20. equal zero in equation 1.13 this case yields 
a structure with two regions and equation 1.5 is obtained. 
1.3 Periodic Structure with Four Regions. 


The same technique of solving Maxwell's equations in each 
region and matching the field components at the boundaries was carried 


out and the following result was obtained: 


Fig. 1.3 Periodic Structure with Four Regions. 
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1.14 
1.4 Case of Disks Similarly Coated on Both Sides. 


This section deals with dielectric disks coated on both sides 


with another dielectric material. The coatings are of equal thickness. 


This case is a special case of the four regions periodic 


structure discussed in the previous section. Equation 1.14 can be 


applied with 203 = 204 and Z3 = Zq: Substituting, we get: 
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Equation 1.15 may be applied to the case where a disk is 
coated to improve its surface properties, i.e. prevention of electric 


breakdown or chemical decomposition under adverse conditions. 
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CHAPTER II 


WAVE PROPAGATION IN A PERIODIC STRUCTURE 
LOADED WITH DIELECTRIC DISKS COATED WITH NONMAGNETIC METAL 


In this chapter, wave propagation in a cylindrical wave- 
guide, periodically loaded with different type of disks has been 
investigated. The dielectric disks considered have a very thin surface 
coating of nonmagnetic metal. To prevent excessive attenuation and 
thus permit appreciable propagation, the thickness of the coating should 


only be a small fraction of the skin depth. 


Two different approaches have been used. The first one 
consists in appropriately modifying the result obtained in section 1.4. 
In the second approach, the metallic film is considered to be very thin 
so that attenuation and phase change through this layer can be neglected. 
However the surface current generated in the coating, by the transverse 
electric field, causes a discontinuity in the H field. Matching the 
field components at the boundaries gives us a solution which is found 


to be in good agreement with the first one. 


4 Solution Derived From Section 1.4. 


When the dielectric disks are coated with metal, the 


solution can be obtained by replacing the values of 8 and e in 


regions 3 and 4 of figure 1.6 by the corresponding values for the metal. 
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These values Prat) 
Wig, eJ0= Maced 
0%) 
g= (1-j)¥ 42 — 2a? 
Pes y  / WH 
€ (1+j)w 20 ees 


Where o is the bulk conductivity of the metal. 

In equation 1.15, 202 = B34 where 93 is the thickness 
of the metal which is considered to be a fraction of a skin depth, 
therefore: 

cos 203 a] 
sin 283 ce 263 Were 


Substituting 2.1, 2.3 and 2.4 in equation 1.15 we get: 
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In this case ~ is a complex constant, 


p = (> ~ jo) 
where o, is the attenuation per section and 4 is the phase shift per 


section. 
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Equating the real and imaginary parts of equations 2.5 and 2.6., we 


get: 
Sin Sinha = O25 Cos 20, sin 28. + 042, sin 28, cos 285 
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Equating the left hand side of equations 2.7 and 2.8 to T and S 
respectively we get: 
sind sinha = T Ae pai tee fa 
cos cosha = S Brey eaters 
Solving for, which must be a real constant, we get: 
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The attenuation per section a is a positive number and so 
cosh qand sinha are positive. The sign of T and S in equations 2.7a 
and 2.8a definesthe value of # as shown in table 2.1. The attenuation 


a can be found by substituting the value of in equation 2.7a and is 


given by: 


Qa = sinh” iv 


<= 
nN 
ae 
Oo 


ae Approximate Solution. 


It was mentioned earlier that the thickness of the metallic 
coating should be a small fraction of the skin depth. If the coating 
is very thin the only effect of this layer is to give rise to a surface 


current density (J) in phase with the transverse electric field E 


ad or is the conductivity of the metallic layer per unit area of 
the coating, then 
= O 
J ] EY. 
The effect of this current is to cause a discontinuity in the transverse 


component of the magnetic field. Using equations 1. band i2 and 


matching the transverse field components at z = 0 in Tig. sls: 
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and 


(we, -0185)A + (we + 0185)B - we,C -we,D = 0 


Matching the transverse field components at z = p and using Floquet's 


theorem we get: 
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Expanding and solving for y we get: 


cos py =» cos 26, cos 285 
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a Z 2 
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In this case 
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The solution fora andd can be obtained from equation 2.9, 2.10 and 
table 2.1, by substituting the appropriate values for T and S given by 


equations 2.12 and 2.13. 


To compare equations 2.5 and 2.11, a structure which will be 


discussed in chapter 5 is considered. This structure has the dimensions: 
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The frequency at the q mode was found to be 5.75 G Hz 
oe ee cde Bo = 1158 


If we consider the coating to be an Aluminum layer of thickness 


200° A, then 
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These figures show that terms multiplied by q3 and a5 in 
equation 2.5 are much smaller than the other terms. Therefore when 
the metallic layer thickness, is of the order of a few hundreds 


Angstroms, equations 2.12 and 2.13 hold with reasonable accuracy. 


Below the cut-off frequency of the air region, and for 


the E : mode, equations 2.12 and 2.13 become: 
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where =I = / ue y hele 1 

Calculation of a and > for the previously mentioned structure shows 
that the shape of the dispersion curve is affected by the losses. 
(7) 


Shama] y has shown that where losses are present in a structure the 


group velocity in the stop bands does not equal zero. 


Curves of > anda vs ~ for two different structures and for 
different values of layer conductivity o,, are shown in figures 2.1 
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CHAPTER ITI 
CALCULATION OF ENERGY STORED POWER LOSS 
AND Q FACTOR FOR A DIELECTRIC LOADED CAVITY 


In this chapter a loaded cavity supporting the EO] 
mode is considered for the cases where the loading disk is uncoated, 
and where the disk is coated with a thin layer of metal. It has 
been assumed that the only effect of the coating is to add to the losses 
in the cavity. This loss has been found and its effect on the Q values 


examined. 
3.1 Calculation of Energy Stored and Power Loss in a Cavity. 


When the power loss in the cavity is small the total stored 


energy is given by either 


u \ Jf dv or e \lef dy wea 
2 2 


where | H] and |E Jare the amplitude of the magnetic and the electric field 
intensities at each point. The integral should be taken over the 


whole volume of the cavity. 
a) The symmetric EO mode ce is symmetric) 
The electric field distribution for this mode is such that: 
] 
E. =.0 at z-= 0 and at z= 7 Mate 


The field pattern for the E,j, mode is shown in figure 3.] 
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Fig. 3.1 Field Pattern for the symmetric EO 12 mode. 


Substituting n = 0 in equation 1.1 and 1.2 and using the conditions 


stated by equation 3.2 we get: 
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for the air region, where 
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The relation between A and M may be evaluated by matching 
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the transverse field components at the dielectric boundary; 


= AJ, (xr) sinB, d= cFae Medes (xr) sin 8. (4-4) 
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or bee ba sin 8 
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Energy stored, 


Equation 3.6 indicates that mis real i.e. A is in phase 


with M, hence energy stored can be calculated from equation 3.1: 
= eae 2 
U 5 \ [Hane dv. 
In the dielectric region 
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Substituting for the values of integrals from equations A.2 and A.4 


(see appendix). 
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In the air region: 
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Substituting for the values of the integrals from equations A.3 and A.4, 
we get: 


Power loss in the metal wall 


The power loss in the end wall is given by: 
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where Re is the surface resistivity and is given by: 
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In the cylindrical walls the losses in the dielectric and the 
air regions (Wd, and We) are: 
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Substituting from equation A.3 we get: 
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Power Loss in the dielectric 


The power dissipated in the dielectric may be shown © to be: 
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Substituting the values of the integrals from equations A.1, A.2, 
A.4 and A.5, and using equation 3.5 we get: 
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b) The antisymmetric EO] mode = antisymmetric) 


The electric field distribution for this mode is such that: 


iT] 
(S) 


pa 0 at z 


E =0 at z 


The field pattern for the EOI] mode is shown in figure 3.2 


Fig. 3.2 Field Pattern for the antisymmetric E,1, mode . 
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Substituting n = 0 in equation 1.1 and 1.2 and using the conditions 


Stated by equation 3.16, we get: 
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The same procedure as for the symmetric EO mode can be used 


in this case to find expressions for the energy stored and the power 


loss. These are found to be: 
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3.2 Effect of Coating on the Expressions for Energy Stored and 


Power Loss. 


It was explained in section 2.2 that a very thin coating has 
to be used in order that propagation takes place. For this case 
there is a negligible change in the field pattern. Thus expressions 
for energy stored and power loss derived earlier still hold, but an 


additional loss term arises due to the coating. 
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The loss due to the coating on one side is given by: 
R, ca 
ee 2 
Moe 7) ju lo 2 a rdr 
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where oF is the conductance of the layer. 


The loss due to the coating on both sides is given by twice the above 


value. 


For symmetrical mode, therefore, 
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Similarly for the antisymmetric EO] mode 
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It is interesting to note that, for the symmetrical case, the 
transverse field component E. is a function of sin B yz» thus the loss 
is equal to zero if 8, = 0,7, ... . For the antisymmetrical case 


E. is a function of cos ByZ> and the loss is equal to zero if 
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05 = gre) as 


3.3. Expression for Q Values of a Cavity. 


The unloaded Q factor of a cavity is defined as: 
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Where OW Que Q are the Q factors taking only metal, dielectric and 


coating loss into consideration. 


For the evaluation of QW it may be noted that (9) 
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The electric energy stored in the dielectric may be obtained 


from equations 3.15 and 3.25, and the energy stored in the electric 


field in the air region is given by: 
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Similarly for the antisymmetric EO mode 
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CHAPTER IV 


DESCRIPTION OF CAVITY RESONATOR 
AND EXPERIMENTAL SET-UP 


4.1 Cavity Resonator as a Part of Loaded Waveguide. 
EU IE 


The phase shift per section (W) may be plotted against 
frequency (equation 1.5). This graph for any structure is found to 
have, in general, the shape shown in figure 4.1. 


cos v 
+ ] 


This graph shows that a periodically loaded structure acts like 
a band pass filter. The pass bands occur when |cos U) ee It was 
noticed that both the pass bands and the stop bands become wider as the 


frequency increases. 


Two shorting planes may be placed in the middle of the air 
region one period apart to form a resonant cavity. Resonant frequencies 
for this cavity occur when y is an integral multiple of 7. Since the 


tangential electric field, ap BOE the EO] mode, at the shorting planes 
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must be zero, another two conditions can be found from equation 1.2. 


For E. =Oatz at these conditions are: (10s!1) 


tan 6, tané, = “d forp = n(n is an odd integer) 
Z 
a 
-Z4 
tan 6, cot6, = re (n is. an even integer). 
a 
| 
4.2 Design and Construction of Resonator. 


The cavity dimensions are governed by a number of factors. The 
diameter of the resonator was chosen to support the EO] mode at J 
band (5.3 - 8.2 GHz). The diameter should be smaller than the cut-off 
diameter of the EO mode. The length of the air region governs the 
number of resonant frequencies within a certain band of frequency; the 
longer this region is the larger the number of resonant frequencies. A 
probe type coupling at the centre of the end walls of the cavity was used 


to avoid the excitation of the H modes. 


A cylindrical cavity suitable for the investigation of coating 
is shown in figure 4.5. It has been found convenient to assemble the 
resonator from two parts. A silvered copper ring is shrunk onto the 
disk and the ring is then clamped at the junction of these two parts. 

The inside of the cavity was silver plated but it was not polished. The 
coupling holes at the centre of the cavity end plates have to be very 


small so that the effect on field pattern and thus the resonant frequency 
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is negligible. 
4.3 Apparatus Used. 


The set up for measuring the Q of the cavity and the resonant 
frequency is described with reference to the block diagram shown in 
figure 4.7.  Klystron K is frequency modulated using a saw tooth 
generator so that the Q curve of the cavity under test may be displayed 
on the Oscilloscope. The same signal is used to drive the time base 
of the Oscilloscope. A ferrite isolator F is used to isolate the 
Kl ystron Ky from the rest of the system. A precision, calibrated, well 
matched attenuator is used to indicate the 3 db point on the Q curve. 

The tuning stubs Sy and So serve to match the input and output imped- 
ances. An Oscilloscope which has a high gain amplifier is used to 
amplify the detected signal. A magic tee T is used for mixing a fraction 
of the modulated frequency from klystron K with the output of the micro- 
wave generator Ko A second mixer M is used to mix the detected output 
from mixer T with the output of a radio frequency signal generator7. The 
internal circuit of the mixer M is connected as shown in figure 4.6. 

This mixer uses an integrated circuit element Motorola type MC 1550. 

The resistance R was adjusted such that the currents in terminals 2 and 

3 were equal. For the circuit shown it was found to be 1.3 K 2. The 
gain of the mixer can be adjusted by changing the value of the resistance 


connected between output terminals 9 and 6. 
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4.4 Procedure for Measurement of Q Values. 


The procedure for the Q measurement with reference to the 


response curve on the Oscilloscope is as follows: 


The modulation of the klystron K is adjusted to give an 
adequate frequency coverage. Input and output tuning stubs and the 
insertion of the probes are adjusted to give the best response on the 
Oscilloscope. It is important to check that the coupling is very 
loose. This is easily done by noting the change in resonant frequency 
and Q of the cavity when probes are slightly moved in and out of the 
cavity. For loose coupling no change in Q or frequency is observed. 

The frequency is measured directly by an absorption type wavemeter (W). 

A fraction of the modulated signal is applied via a directional coupler 
(D), to the magic tee where it is mixed with the constant frequency from 
the second klystron. The detected output which contains the sum and the 
difference of these two microwave frequencies is fed to the second mixer. 
The output is connected to channel 2 of the Oscilloscope. When the 
klystron Ky and the microwave generator K., are in tune a large pip 
appears. To get accurate results this pip must be partially suppressed. 
This was done by the filter circuit at the input of the mixer (as shown 
in figure 4.6). Pips also appear at the instant when the output frequen- 
cy from the mixer T is equal to the signal generator frequency or its 


multiples; these lie on either side of the tune position. The amplitude 


of the pips decreases as the order of the pips increases as shown in 


Figure 4.3. 
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2f f 0 f 2f 


The determination of the fractional bandwidth is carried 


out as follows:- 


1) 


The relative position of the response curve and the pips are ad- 
justed on the Oscilloscope so that the centre pip is coincident 
with the peak of the resonant curve as shown in Figure 4.4a. 
This can be done by changing the frequency of the microwave 


generator Ko 


The precision attenuator A is used to increase the input power to 
the cavity by 3 db. The trace of channel (2) is now at the 3 
db. level The frequency of the r.f generator Z may be adjusted 
so that the side pips coincide with the half power pointsas shown 
in Figure 4.4b. The precision attenuator is used to eliminate 
the uncertainty of the square law of the crystal. 


iP 
Then Q = 
Oye 
where Te is the resonant frequency of the cavity and f is the 


frequency of the r.f. generator G. 
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KEY TO BLOCK DIAGRAM 


A - Precision well matched attenuator 

C, C, - Coupling probes 

D - Directional coupler 

F - Ferrite isolator 

G - Matched waveguide to coaxial termina- 
tion. 

K - Frequency modulated klystron oscillator 
(J band) 

K., - Microwave signal generator 

M - Integrated circuit mixer 

0 - Saw tooth generator 

P - Klystron power supply 

R - Resonant cavity under test 

Sy - Double tuning stub 

S» - Tuning stub and crystal detector 

T - Magic-tee used as a mixer for two micro- 
wave frequencies 

V - Variable attenuator 

W - Absorbtion wavemeter 

iL - Radio frequency signal generator 


CARO: - Cathode Ray Oscilloscope 
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CHAPTER Y 


EXPERIMENTAL RESULTS 


eed Cavity Dimension and Resonant Frequencies 


The cavity used in the measurement is of the type shown 
in Figure 4.5. In order to obtain several resonant frequencies 
within the J band (5.3 - 8.2 GHz), several periodic structures which 
have cut-off frequency for the EO] mode slightly above the lower limit 
of the J band, were analysed using a computer program. The effect of the 
metal film on the Q's of the different resonances was also calculated. 
From the calculations E and 4 were chosen equal to 7 and .12 res- 
pectively, also the radius (a) was chosen equal to 2 cm; this gives 7 


resonances that can be used. 


The cavity which uses one section of this structure has the 
dimensions: 


a= 2*cm, 1 = 14:24 cm, q = 0.24 cm. 


By the aid of the computer, the values of : which correspond 
toncossy = mek were found. The points which satisfy equation 4.1 are 
the resonant frequencies for this cavity. These data and the cos vs 
= milot for this structure is shown in Table 5.1 and Figure 5.1 respectively. 
a asterisks, in Table 5.1 denote points which do not satisfy equation 


4.1, i.e. no resonance occurs at these points. 
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The agreement between theoretical and experimental values of 
frequencies is limited by the tolerances in machining and the accuracy 
of the Ep value used in the calculation. However the measured and the 
computed values were fairly close. In Table 5.1 these values are compared. 
Five of these frequencies lying between 5.6 - 7.3 GHz were considered for 


Q measurement. The first of these is the EOI mode. 


Axial and transverse electric field distribution for these five 
modes are shown in Figures 5.2 - 5.6. The corresponding values of com- 
puted resonant frequencies and the transverse electric field at the sur- 


face of the dielectric, normalized to maximum, are noted beside each figure. 


It is readily seen that for some of these modes, the transverse 


electric field at the dielectric surface (Eg) is high and thus the loss 


2 
df e, E rd) is high too. If the loss is high enough, these modes may be 
completely suppressed. For other modes End is small. It follows that the 
Q values for a given thickness of metal, will be slightly or highly reduced 


depending on the field pattern. 


Bee Loss Tangent of the Dielectric. Disk 


The measured Q values for a loaded cavity were used to calculate 
tans of the dielectric disk, by using equation 3.33 or 3.36. As the energy 
stored in the dielectric disk was found to be much smaller than the energy 
stored in the air region, this method is not an accurate one for this 
purpose. However the values of tan 6 obtained compare well with previously 


(9) 
measured values for titanium dioxide ceramic (tané= .0003 Luthra i" 
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Ra) 
Ue = 5.7 GHz 
Ee. 
cs = COs 8, 
r max. 
= 0.1607 
w= 27 
Us = 5.85 GHz 
E 
~ = sin 0, 
r max. 
= 0;9903 
w= 37 
ie = 6.12 GHz 
E. 
=— = cos 6 
E. max. 
= 0.08/72 


Fig. 5.2 Field pattern for the EOI] mode. 


Fig. 5.3 Field pattern for the EO 12 mode. 


Fig. 5.4 Field pattern for the E13 mode, 


= sin 6 
max. 


a TK 
\ 


= 0.999 


Fig. 5.5 Field pattern for the EO T4 mode. 


St 


7,02 GHz 


Fig. 5.6 Field pattern for the EOI5 mode . 
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These results are shown in Table aye ae 


5.3 Effective Resistance of the Coating. 


To measure the resistance of the coating 7 similar disks were 
prepared. One of them was left uncoated, while the other six were 


coated as follows: 


(a 200 R of Platinum on both sides. 


200 R of Aluminum on both sides. 


) 
0 
(b) 100 A of Aluminum on both sides. 
(c) 
) 


(d Two disks coated on both sides with carbon (aquadag, 
thickness unknown). 


0 
(e) 200 A of Aluminum on one side. 


The Platinum film was prepared by an Evaporation method while 
the Aluminum film was prepared by the triode sputtering method; the 


latter gives a more even coating. 


The Carbon coating was prepared by spraying aquadag solution 


on the surface of the disk. 


The Q of the cavity was measured for the five different modes 
for each disk. These results are shown in Tables 5.3-5.7. For some 


modes the losses are very high and Q values could not be measured by this 


method. 


From Tables 5.3-5.7 the values of the conductance of the 


coating were calculated by using equation 3.34 or 3.37, the results are 
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Table 5.1 


.000549 


.00045 


.00043 


.000435 


Table 5.2 
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shown in Table 5.8, 


Satisfactory results for the disks coated on one side could 
not be obtained. The half-power bandwidth measured for the odd modes 
depended on whether the coating was in the input or the output side of 
the cavity. The curves were not symmetric and for the E513 mode two 
peaks were observed. For the even modes the losses are high and a Q 


curve could not be obtained. 


It is noticed that these results are not consistent for 
measurements on the same coating using different modes. Only the EOI2 
and Eola modes give approximately the same values. The wide difference 
in the results for the other modes can be explained by considering the 
field pattern in the cavity. For the EOI: E513 and the EOI5 modes 
the E. component at the coating surface, which is proportional to sin Oy 
is very small. (See Figs. 5.7 - 5.11). A slight error in measuring the 
resonance frequency causes a large change in sin 8, and hence in the 
calculation of the conductance. To show this effect the values of 
Qoy's evaluated from equation 3.34 or 3.37, were calculated for different 
values of frequencies near the resonance of each mode. These values are 


shown in Table 5.9. From these calculations it is clear that only the 


results for the EQ 12 and EO 14 modes are reliable. 


The results obtained for the disk coated on only one side indi- 
cate that the field for the odd modes is not symmetric. The reason for 
this may be that, since the E. field at the coating is near to zero, 


the coating may divide the cavity into two resonating portions. This is 
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Table 5.3 Q values for the EOI mode. 
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Table 5.5 Q values for the EO 13 mode. 
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er sai 
200 & Plat. 6.673 1.05 3170 
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Table 5.6 Q values for the Eola mode. 


Carbon #1 


2000 8 Plat. | 100 R Al. | 200 AAI. 


0.184 OF372 0.744 Unknown 


0.00299 0.0073 0.147 0.0161 0.0106 
0.000225 0.000774 0.000166 0.000222 


0.0025 0.00855 0.0725 0.032 0.0306 
0.000612 Pea Sr 0.000142 | 0.000193 


E 0.00107 0.0045 0.00586 0.00286 0.00354 


Table 5.8 Measured conductance : 
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Shown very clearly in the case of the EO 13 mode where a resonance curve 


with two peaks was observed. 


This effect may also occur for the case of disks coated on 
both sides. In this case the films may divide the cavity into three 
resonating portions which could be another reason for the inconsistency 


of the results. 


For the antisymmetric modes the E. field is maximum at the 
coating surface and thus it is not possible that any portion of the 


cavity may resonate on its own. 
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CONCLUSIONS 


For a periodically loaded cylindrical waveguide, the relations 
between the phase shift per section and the waveguide dimensions were 
derived for the cases where the loading disk consists of up to three 


layers of different dielectric material. Both the ET and the le = 


n 
b ) 
modes were considered. 


The case when the loading element is a dielectric disk coated 
with a thin layer of a nonmagnetic metal was analysed. Two formulas, 
which relate the phase shift and the attenuation per section to the wave- 
guide dimensions and the coating conductivity were derived. The phase 
shift and the attenuation per section were plotted against the frequency 
for two different structures and for different coating conductivity. It 
was found that the attenuation per section varies with the phase shift and 
jt is not the same for the different pass bands. The dispersion curves 
show a change in shape in the vicinity of the stop bands; the group velo- 


city at the m7 mode is no longer equal zero. 


A cavity loaded with a dielectric disk was used to determine the 
conductance of the coating by measuring the Q values for different resonat - 
ing modes. The cavity used in this work was found to be suitable for 
measuring a coating of resistance not lower than 5 K& . For lower coat- 
ing resist ance the losses are high and the Q values cannot be measured with 
the same set-up. Also for very high values of resistance the effect of 


the coating on the Q values is very small and hence an accurate result 
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cannot be calculated, 


it is expected that the measured conductance is accurate 
to 10%, The main sources of error are in measurement of the band- 
width. In setting the pips at the 3dB points an error of about 
% is possible, Determination of the 3dB line using the attenuator 


and the loading effect of the probes cause an additional errors 


which are expected to be relatively small. 


It is possible to measure lower coating resistance using 
another cavity by placing the coating in a region with low electric 
fiL6L0 intensity, Ee From the discussion of chapter 5, it ie 
clear that the low value of Ee must be chosen so that the air 
space phase shift 1945 Var2es Tirile wWitiw the srequcenc,.. this 
can be done by making 0, less than rob and by using a frequency 


well above cut-off and by avoiding the nulls of Ee 


The attenuation introduced into a structure by using co- 
ated disks depends on the structure dimensions. For a coating 
resistance of 5Kn.and for the two structures discussed in chapter 
2, the attenuation per section was calculated, For the “ae mode 
it was found to be about 10.9 dB when -b- = 7, —L- = .12 and 
0.0261 4B when -E- =0.1, ~1. =0.1, In both of these cases the 
ale mode occurs below cut-off and the large difference in atten- 
vation is mainly due to the difference in ate This can be seen 


from equation 2.14 which shows that “must increase with Yp . 
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In a travelling wave tube the smaller value of ~ Eo is more typical 
s0 that the attenuation for a 5 K. coating is approximately .03 
aB/section. To obtain a useful amount of attenuation, say 3 GB, 
per section, then the coating resistance must be considerably 
reduced, As already stated, another cavity must be designed in 


order to measure the lower values required, 


Coated disks can be used not only to perform isolation 
between the input and the output in a travelling wave tube, if a 
dielectric loaded structure is used, but also to supress the 
dominant mode (Hy 4)- Since any H mode in a circular waveguide 
has two transverse electric field components (E,. and Bas the 
losses due to the coating are expected to be higher than that of 
the E mode. For the same reason a lossy coating could be used 


01 


to supress unwanted modes in a linear accelerator. 


A metallic coating can also be used to reduce the build 
up of electrostatic charge, and thus increase the surface 
breakdown strength in applications where high electric field 


: ; (Oe) 
intensities occur e.g. microwave windows : 


LO: 
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